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A simpler method for proving y(K,) = (n - 3)(n - 4)/O when IE = B 
(mod 12). 
The solution of the Map Color Problem for nonorientable surfaces is 
based on the determination of the nonorientable genus of the complete 
graph K, . Ringel [2] gave a complicated proof that 
Later proofs were given using the simplifying techniques of current 
graphs, in particular cascades. The proof breaks down naturally into 
twelve cases, depending on the congruence modulo 12 of n in K:, ~ In all 
previous proofs the case n = 1 (mod 12) has proved particularly trouble- 
some, requiring several subcases (see [I ; 3, Sect. 10.31). The solution given 
here employs the principles and terminology from the book “Map Color 
Theorem” by Ringel [3]. The principles for constructing a cascade arc: 
repeated briefly below. However, those unfamihar with this technique are 
referred to [3, Sect. 8.31. 
A cascade is a type of current graph satisfying the following principies. 
(1) Each vertex has valence three. 
(2) The given rotation is circular, that is, the vertex rotations induce 
a single circuit. 
(3) Each element 1, I&..., 6s of Zlesfl appears exactly once as the 
current on some arc. 
(4) At each vertex the sum of the incoming currents equals the sum 
of the outgoing currents, addition in ZIzs+r . 
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(5) Some arcs are broken. The two ends of a broken arc are directed 
either both toward or both away from the midpoint of the arc. 
Principle (4) holds relative to the half of the arc incident to the vertex 
in question. The circuit has two modes of behavior, normal and alternate. 
In normal behavior, the circuit obeys the rotation given at each vertex 
and records currents according to the orientation of the arcs. In alternate 
behavior the circuits acts as if the given vertex rotations and arc 
orientations are reversed. When the circuit passes a broken arc its 
behavior switches modes at the midpoint of the arc. This alternation of 
behavior must be considered in verifying principle (2). 
The solution for s = 3 is given in Fig. 1, for s = 4 in Fig. 2, and the 
general case in Fig. 3. The groups used are Z12s+l . Solid vertices have 
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clockwise rotations, hollow vertices have counterclockwise rotations, 
ne easily checks that the construction principles are verified. 
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